A slowly growing microaerophilic Helicobacter strain was isolated from the ceca and fecal pellets of Korean wild mice (Mus musculus molossinus). This bacterial strain possessed a pair of nonsheathed bipolar flagella, was positive for urease, catalase and oxidase, and reduced nitrate to nitrite. It proved susceptible to nalidixic acid and resistant to cephalodine, and did not hydrolyze hippurate. On the basis of phenotypic characteristics and 16S rRNA gene sequence analysis, the isolate represents a new species of the genus Helicobacter, for which the name Helicobacter muricola sp. nov. is proposed; the type strain of the new species is w-06 T (GenBank accession number AF264783). ß
Introduction
Members of the genus Helicobacter are helical, curved and £agellated, Gram-negative, microaerophilic rods, which have been isolated from intestines, ceca, and stomachs of humans and animals [1] . The type species of this genus, Helicobacter pylori, causes chronic gastritis and peptic ulcer disease in humans [2] and has recently been linked to the development of gastric adenoma and gastric mucosa-associated lymphoma [3^5] .
More recently, several Helicobacter species have been isolated from the intestinal tracks of laboratory mice. These bacteria, which appear to be either pathogenic or normal £ora, could colonize di¡erent anatomical regions of the gastrointestinal system and may be associated with a wide variety of diseases. H. muridarum and H. rodentium were found to be nonpathogenic inhabitants of ileal and cecal mucosa [6, 7] . H. hepaticus and H. bilis were isolated from the ceca, livers, and colons of mice. Both species were isolated from the livers of animal with hepatitis [8, 9] . H. rappini is associated with abortion in sheep and intestinal disease in animals and humans [10] , and was also isolated from the colons and ceca of mice [11] . Recently, urease-negative H. typhlonicus was isolated from interleukin-10-de¢cient mice with colitis and typhlitis, and also from immunode¢cient CB-17 scid/scid mice [12, 13] .
The wild mouse is considered to be a transmitter of several zoonotic diseases [14^16], but Helicobacter species in wild mice have not been well described until now. By far the greatest majority of Helicobacter strains have been isolated from European and American mice and, therefore, we are not in a position to suggest phylogenetic relationships between Asian and European Helicobacter species. In this report, we describe the isolation of a novel asymptomatic Helicobacter species from the Korean wild mouse (Mus musculus molossinus), provide phenotypic and phylogenetic data that con¢rm the propriety of its distinction from previously recognized Helicobacter species, and propose the new species name Helicobacter muricola.
Materials and methods

Animals
Thirty-six Korean wild mice (male : 12, female: 24) were used to isolate Helicobacter strains. These mice were captured in Hoengseong, Kangwon-do, Korea, by members of Hanlim University. These animals were housed in conventional animal facilities.
Culture condition and physiological characterization
Bacterial strains were cultivated as previously described [8] . Physiological and biochemical tests were performed with strains w-06 and tcr-1. Indoxylacetate hydrolysis and oxidase and catalase activities were determined as described previously [6] . Urease production, nitrate reduction, hippurate hydrolysis, Q-glutamyltransferase activity, and H 2 S production were determined with an API Campy identi¢cation system (BioMerieux, Marcy l'Etoile, France). Susceptibility to cephalothin and nalidixic acid was determined by culturing with a disc impregnated with antibiotics (BBL Microbiology Systems). All tests were repeated three times.
Electron microscopy
Our isolates were examined by electron microscopy. The bacterial strains were harvested with an inoculating loop. A small number of cells were suspended in 100 Wl sterile phosphate-bu¡ered saline and absorbed onto a carboncoated copper grid. Samples were negatively stained with 1% (w/v) phosphotungstic acid (pH 6.5) for 1 min at room temperature. Grids were examined with a Philips CM 20 transmission electron microscope operation at 100 kV.
Extraction of genomic DNA and 16S rRNA gene sequencing
Strains isolated from the feces of Korean wild mice were cultivated on trypticase soy agar with 5% sheep blood plate. Cell mass was collected by loop and bacterial DNA was extracted with a DNeasy tissue kit (Qiagen, Chatsworth, CA, USA) according to the manufacturer's instructions.
The sequences of 16S rRNA gene were determined as described previously [9] . The 1735-bp amplicons were puri¢ed and directly sequenced using the ABI Prism BigDye terminator cycle sequencing kit (PE Applied Biosystems, Foster City, CA, USA). Sequence analyses were tentatively undertaken with the DNASIS program (Hitachi Software Engineering, Kanagawa, Japan).
Phylogenetic analysis
The 16S rRNA gene sequences of strains w-06 and tcr-1 and the reference organism were aligned using CLUSTAL W software [17] and the resulting alignment was then modi¢ed to remove regions containing gaps. Evolution distance matrices were calculated using the algorithm of Jukes and Cantor [18] and the DNADIST program within the PHYLIP package [19] . The phylogenetic tree was constructed by the neighbor-joining method [20] as implemented by the NEIGHBOR program in the same package. The stability of relationships was assessed by a bootstrap analysis of 1000 data sets using SEQBOOT, DNADIST, NEIGHBOR and CONSENSE programs in the PHYLIP package.
Identi¢cation of strains by polymerase chain reaction (PCR) with speci¢c primers
To determine whether strains w-06 and tcr-1 are members of the genus Helicobacter, bacterial DNA was ampli¢ed with a Helicobacter genus-speci¢c primer as described previously [7] . The H. muricola species-speci¢c primers HS1 (TGG AAT GAT TTT GCA GGT TG) and HS2 (CTA AAA CCT TCA TCC TCC AC) were designed on the basis of the intervening sequence of the 16S rRNA gene used in the DNASIS program. All species-speci¢c PCR reactions were performed in a ¢nal reaction volume of 50 Wl reaction mixtures containing 50 ng of template crude DNA, 40 mM KCl, 1.5 mM MgCl 2 , 250 mM dNTP, 50 pM of each primer, and 2.5 U of Taq polymerase (Rosh Molecular Biochemical, Mannheim, Germany). Samples were heated to 94 ‡C for 2 min, and this was followed by 35 cycles at 94 ‡C for 30 s, 60 ‡C for 30 s, and 72 ‡C for 40 s, with a ¢nal extension of 7 min at 72 ‡C using a Gene cycler (Bio-Rad Laboratories, Hercules, CA, USA). A 15-Wl sample was then electrophoresed through a 2% Seakem LE agarose gel (FMC BioProducts, Rockland, ME, USA) followed by ethidium bromide staining and visualized under ultraviolet transillumination. To con¢rm this reaction, DNA was transferred from agarose gel to a nylon membrane [21] and Southern blotting was performed with a Helicobacter genus-speci¢c DNA probe.
Nucleotide sequence number
The 16S rRNA gene sequence accession numbers of strains w-06 and tcr-1 are AF264783 and AF354055, respectively.
Results and discussion
Isolation and growth characteristics
Four Helicobacter-like strains were isolated from the 36 Korean wild mice after 7^15 days of incubation and two strains (w-06 and tcr-1) were selected for further study.
Two strains appeared as either thin spreading ¢lms or pinpoint colonies on the agar plate, and grew under microaerophilic conditions at 37 ‡C but not at 42 ‡C.
Ultrastructure
Strains w-06 and tcr-1 had the same morphology as other Helicobacter species that are found in the intestine, namely H. typhlonicus, H. hepaticus and H. rodentium. The two strains varied in shape from curved to spiral, and in size from 2.3 to 5.5 Wm in length and from 0.5 to 0.43 Wm in width (Fig. 1) . Our isolates had one pair of bipolar nonsheathed £agella, whereas most Helicobacter species have a £agellum sheath which protects the £agella from the acidic environment of the stomach. We found this nonsheathed £agellum is a general property of Helicobacter species isolated from the intestine of other mice, namely H. rodentium and H. typhlonicus. However, the ability of strains w-06 and tcr-1 to colonize the stomach was not tested. Our isolates lacked periplasmic ¢ber. For the most part, the cells of our isolates showed cocci on trypticase soy agar with 5% sheep blood plate, about 1% of them possessed a fusiform rod and very occasionally these cells had a bulb-like structure on the ends of £agella (data not shown). This cultural character is very similar to that of H. cholecystus, isolated from the gallbladders of hamsters with cholangio¢brosis and centrilobular pancreatitis [22] , and H. suncus isolated from Suncus murinus with chronic gastritis [23] . However, the isolates obtained from the present study di¡ered in terms of number of £agella and urease and alkaline phosphatase from H. suncus and H. cholecystus (Table 1) .
Biochemical and physiological characteristics
The biochemical and physiological properties of strains w-06 and tcr-1 were compared with those of previously isolated Helicobacter species (Table 1) , and were found to di¡er from those of other murine-originated Helicobacter species. Mouse-originated Helicobacters have diverse physiological characters, so we can not ¢nd common characters between this Helicobacter and our isolates, but these Helicobacters have the same antibiotic character which is nalidixic acid-and cephalothin-resistant. The key phenotypic feature of our isolates was susceptibility for the above two antibiotics (Table 1) . Strains w-06 and tcr-1 were susceptible to nalidixic acid and had cephalodine resistance. This character was found in other animalisolated Helicobacters, H. mustelae and H. mesocricetorum. Strains w-06 and tcr-1 were positive for oxidase, catalase and urease, and reduced nitrate to nitrite. But the isolates were negative for alkaline phosphatase and Q-glutamyltranspeptidase. In addition, our isolates were susceptible to 1.5% NaCl and grew well on Muller^Hinton agar with 5% sheep blood and brain^heart infusion agar with 5% sheep blood but not on nutrient agar with 5% sheep blood (data not shown).
Phylogenetic analysis
Two isolates were ampli¢ed by the PCR method with a Helicobacter genus-speci¢c primer. The results con¢rmed those of Southern blotting with a Helicobacter genus-speci¢c probe, made using genus-speci¢c PCR reactions to H. pylori genomic DNA. This result indicated that the bacterial isolates were Helicobacter (Fig. 3) . The 16S rRNA sequences of strains w-06 and tcr-1 were 1736 nucleotides long and corresponded to the region between positions 24 and 1513 in comparison with the Escherichia coli 16S rRNA gene. A total of 1366 nucleotides present in all strains between positions 30 and 1454 (E. coli numbering) were used to construct the phylogenetic tree (Fig. 2) . The sequences of strains w-06 and tcr-1 were identical and showed relatively high nucleotide similarity with those of H. muridarum (similarity 96.71%) and Helicobacter pullorum (similarity 96.36%). However, H. pullorum, which has been isolated from both humans and chickens with gastroenteritis, does not have urease activity (Table 1 ). The roll of urease in rodent Helicobacter strains has not been determined. However, in H. pylori, urease has been associated with virulence, and it has been postulated that urease serves to increase bacterial survival within the low-pH environment of the stomach [1] . H. muridarum, which has been cultured from the mouse gastrointestinal tract, demonstrated a di¡erent character in terms of nitrate reduction and its number of £agella (Table 1) . In terms of their phylogenetic aspects, the above two species as well as the other mammalian-infecting Helicobacter species exhibited relatively high 16S rRNA sequence similarities (969 4%). The products of the 16S rRNA amplicon are larger than those for typical Helicobacter species and demonstrated the presence of a 299-bp intervening sequence (IVS) at 210 bp (E. coli numbering), which is also found in H. bilis [9] , H. typhlonicus [12] , H. muridarum [6] and H. canis, but the length of this insertion sequence of H. muricola is di¡erent from those of other Helicobacter species. The IVS of strains w-06 and tcr-1 had a nucleotide similarity of 29^54% with those of H. canis, H. bilis, H. muridarum, and H. typhlonicus. In particular, the 5P and 3P terminal regions were well conserved in the H. muridarum 23S rRNA IVS. This conserved region may be a recognition site for RNase III or related processing enzymes as an RNA maturation. The IVS insertion sites are conserved between the strain and species of Helicobacter and Campylobacter, which suggests a possible evolutionary relationship [24] . However, a full discussion of IVS in Helicobacter is beyond the scope of this report.
Histological evaluation of the gastrointestinal tract of Helicobacter species-infected Korean wild mice revealed no unusual lesion, so this microbe is likely a nonpathogenic enteric bacterium. But, its pathogenic potential requires further study.
Animal-originated Helicobacter strains have been studied to develop animal models of H. pylori and to investigate zoonotic pathogens in several pets. Some of these animal Helicobacter species, namely H. rappini, H. pullorum, H. heilmannii, H. cinaedi and H. fennelliae, are known to be related to various diseases in humans [10,25^27] . The wild mouse has long been considered to be a reservoir and transmitter of several diseases to humans. Typical pathological conditions include hemorrhagic fever with renal syndrome, hantavirus pulmonary syn- drome, Lyme disease and lymphocytic choriomeningitis virus, though this wild-rodent-transmitted disease has decreased in incidence because of reduced contact with humans [14^16]. However, recently the ¢rst bacteremia case induced by the Helicobacter sp. £exispira, which is considered to be a natural inhabitant of the intestinal mucosa of animals, was reported in an immunocompetent young man [28] . This case indicated that even immunocompetent adults can be infected with Helicobacter sp. £exispira from a natural infectant. According to this result, animal Helicobacter studies on natural infection sources have more impotency in bacteriological and epidemiological aspects.
In conclusion, we describe the isolation of a novel Helicobacter species from the ceca and fecal pellets of asymptomatic Korean wild mice. On the basis of data described above, strains w-06 and tcr-1 should be classi¢ed in the genus Helicobacter as a new species, for which the name H. muricola sp. nov. is proposed. Description of H. muricola sp. nov. (mu.ri'co.la. L. masc./fem. n. cola inhabitant, N. L. n. muricola inhabitant of mouse/mice).
